Several hundred dominant and co-dominant individuals in two populations of black spruce, located within 2 km of each other and representing upland and lowland site types, were sampled and mapped. Multilocus isozyme genotypes were determined and the genetic organization of the two populations examined by means of nearest-neighbour analysis and spatial autocorrelation of alleles. On the upland site type, population density was much higher and variation in age considerably less than on the lowland site type, which was interpreted as evidence for fire origin in the former. On the upland site, the mature trees were more inbred, possibly due to the conditions under which regeneration occurred and because of weak selective pressure. On the lowland site, clustering of similar genotypes was detectable on a local scale but the mature trees were not inbred. The two populations were very similar in terms of allozyme frequencies.
INTRODUCTION
The interaction of genetic forces, in particular migration and selection, will affect the distribution of genetic variation within populations, and this can influence the efficacy of genetic sampling (Ledig, 1974) . Although genetic organization within populations has received far less attention than among-population variation, there is some evidence to suggest that genes and genotypes are not distributed at random within populations of conifers. For example, Linhart et a!. (1981) detected significant differences in allele frequencies among sub-populations of ponderosa pine (Pinus ponderosa Laws.) separated by less than 100 metres in a spatially heterogeneous environment. The absence of spatial heterogeneity in pollen allele frequencies in six populations of black spruce (Picea mariana [Mill.] 
B.S.P.) in central New
Brunswick, together with other evidence, led Boyle and Morgenstern (1985a) to conclude that family clustering was weakly developed.
There has been some debate over geneticdifferences between so-called "upland" and "lowland" black spruce populations. The former are characteristically located on clay soils and regenerate after fire, and are therefore typically even-aged.
In contrast, lowland populations are found on organic soils in moist or wet conditions. Fire is not so frequent and regeneration often occurs without disturbance. This results in multi-aged populations in which overall population density is high, but the density of dominant and co-dominant individuals is frequently lower than on upland sites. Despite the terminology used, topographical distinction between the two site types is often subtle.
In this study, two populations from northern Ontario were sampled and multilocus allozyme genotypes determined for several hundred trees. Although separated by only 2 km, one population was on a typical lowland site, whereas the other was a characteristic upland population. The distribution of genetic variation in the two populations was studied by means of nearest-neighbour analysis and spatial autocorrelation.
MATERIALS AND METHODS

Sampling
Two geographically proximate, but ecologically contrasting, populations of black spruce were identified in Kennedy Township, near Cochrane, Ontario (Lat. 49°07'N; Long. 80°42'E). Site 1 was located in a low-lying, wet area, adjacent to a swampy creek, and the soil consisted of a thick 394 T. BOYLE, C. LIENGSIRI AND C. PEWLUANG layer of organic matter. The arboreal flora consisted almost purely of black spruce with a wide range of sizes. Site 2, which was 2 km to the south, was located on a drier site with a much thinner layer of organic matter overlying a clay soil. The composition of the tree cover was similar to site 1, but with very littit variation in tree size.
On both sites, an area wa mapped and dominant and co-dominant trees marked prior to a commercial logging operation. On site 1, 206 trees were marked in an area of 0971 ha. On site 2, 367 trees were marked in 0284 ha. Cones and/or foliage was collected by felling. Some trees were lost during the felling operation, resulting in the collection of material from 175 trees on site 1 and 364 on site 2. For about 10 per cent of the sampled trees on each site (12 on site 1, 30 on site 2), a basal disc was cut and the age of the tree determined by ring counts.
Laboratory procedures
Using procedures described by Boyle and Morgenstern(1985b) , maternal genotypes were established from haploid megametophytic tissue of at least 10 seeds per tree for the 13 allozyme loci listed in table 1. Vegetative tissve was used for those trees from which no cones were collected, following the methods described by Liengsiri et a!. (1990) . In order to confirm the interpretation of zymograms from the haploid and diploid material, both methods were used for a small number of trees from which both seed and vegetative tissue had been collected.
Statistical analyses
The genetic diversity of the two populations was expressed as the mean expected heterozygosity over all loci, where the expected heterozygosity at Table 1 Isozyme loci used in the study any one locus is defined as: he1p p, being the frequency of the ith allele. One minus the ratio of observed to expected heterozygosity provides an estimate of the fixation index of the population (Wright, 1965) .
The degree of differentiation among the two populations was expressed in terms of Nei's statistic (Nei, 1973) and genetic distance (Nei, 1972) . The standard error of genetic distance was calculated according to the method of Nei and Roychoudhury (1974) .
The spatial arrangement of trees, as well as individual genotypes, was examined by means of nearest-neighbour analysis (Clark and Evans, 1954) and spatial autocorrelation (Cliff and Ord, 1981) . In nearest-neighbour analysis, the distance to the nearest individual having the same attribute is calculated and compared with the expectation under a null hypothesis of a completely random distribution. In an infinitely large population, this expected value rE is given as:
where p is the average density of individuals possessing some attribute, and the standard error of this expectation is:
where N is the number of distance measurements in the sample. The ratio of mean observed distance to nearest neighbour (rA) to the expected value is then an indication of departure from randomness.
Values less than one may be taken to indicate some form of clustering. Significance testing is performed by calculating the standard normal variate c, which is: For finite populations, edge effects invalidate this procedure, but simultion studies (Donnelly, 1978) have indicated that suitable adjustments can be made to the expectation and variance to produce unbiased estimates for populations of any size, such that:
where A is the total study area and P is the length of the perimeter (Upton and Fingleton, 1985) .
For the spatial autocorrelation, each tree was assigned a value depending on the presence or absence of a specific allele. If the tree is a homozygote for the allele of interest, the value assigned (z) is (1 -p) where p is the frequency of that allele.
If the individual is a heterozygote the value assigned is (Ø.5p) and if the allele is absent the value assigned is -p. These values were chosen in order to produce a mean value of zero for Z. Moran's I-statistic (Upton and Fingleton, 1985) was then calculated as: i = n wizizi/(o where z is the value of tree i ([1 -p1, [0.5 -p1, or -p), z is the value of tree j, w, is a weighting applied to the product z.z, S0 is the sum of all weightings , w) and n is the number ofjoins, i.e., the total number of pairwise comparisons among trees.
A "correlelogram" (Upton and Fingleton, 1985) was produced for each population by calculating I statistics for trees separated by different distances. A weighting (w0) of 1 is applied to a pair of trees separated by less than a specified distance, and a weighting of 0 is assigned otherwise. For each of the two populations, five distance classes were selected such that approximately equal numbers ofjoins fell into each distance class, and Moran's I was calculated for each class.
RESULTS
The two populations were very different in terms of population density and age structure. The density of sampled trees on site 2 was 1292 per hectare compared with only 212 per hectare on site 1. The density of all trees on site 1 was much higher than this value, but the numbers of subdominants, saplings, and seedlings was not re- from site 1 shows evidence of clustering and, in most cases, the ratio of observed to expected distance is significantly less than one. In contrast, for the second population, 13 alleles yielded ratios greater than one. result from regeneration following fire. On the other hand, the population on site 1 has a much lower density of dominants and co-dominants, with a much larger range in age. Thus, it appears that this stand has regenerated without a major disturbance. These density differences are much more striking than those found by O'Reilly et aL The expected heterozygosity on site 2 was slightly higher than for site 1, but observed heterozygosity on site 2 was considerably less than expected, yielding a large estimate of the fixation index (0.195). This estimate is considerably greater than those reported in other studies. For example, the largest value among six New Brunswick populations was only 0.054 (Boyle and Morgenstern, 1986) .
O'Reilly et a!. (1985) found mean observed heterozygosities between 016 and 027 for ten populations in Ontario. Specifically, for a lowland: upland comparison from the Cochrane area, the reported values were 025 : 023, compared with 024: 020 for the site 1: site 2 comparison in this study. Although the differences were small, the consistently higher heterozygosity in lowland populations was interpreted by O'Reilly et aL (1985) to reflect ecological differences between the two site types, with more stringent selection pressures on upland sites and a greater requirement for vigorous growth on lowland sites in response to nutrient stress.
An alternative interpretation relates to the ecological history of the two populations. Clearly, site 2 regenerated after fire, whereas site 1 had remained relatively undisturbed over a considerable period. The mating system contributing to the regeneration on site 2 would therefore have a major influence on the genetic organization of the resulting population. Specifically, if only a small number of trees survived the fire and a series of poor seed years followed, a high level of inbreeding would be expected among the regenerating seedlings. According to Heinselman (1957) , black spruce cones are semi-serotinous, retaining viable seed for several years. However, it appears that this characteristic is variable, and from second-year and older cones collected from these populations, almost no viable seed was recovered. The six black spruce populations in central New Brunswick studied by Boyle and Morgenstern (1986) were also believed to be of fire origin, but had much lower inbreeding levels. In fact, in four populations excesses of heterozygotes were observed compared with expectations. The level of inbreeding resulting from regeneration following fire will be strongly dependent on the size and intensity of the fire and the quality of subsequent seed years. A small fire, followed by heavy seed production, will yield populations with low levels of inbreeding.
Apart from this difference in the fixation index, the two populations are simliar in terms of allozyme frequencies. The mean value is low compared with many other conifer species (Hamrick et aL, 1979 ), but it is very similar to the esimate obtained by Boyle and Morgenstern (1987) for New Brunswick populations of black spruce.
Although the population on site 2 in this comparison was more inbred, the spatial arrangement of genotypes was more random. Significant deviations from a null hypothesis of random distribution were fewer than for site 1 by Clark-Evans nearest-neighbour analysis and, in fact, there were more alleles with ratios greater than one on site 2 than those with ratios less than one. On site 2, neither effect is detectable, and the distribution of trees appears to be essentially random. Knowles (1990) described the pattern of spatial arrangement in two black spruce populations in (Ledig, 1974 ).
It appears that such concerns may be valid for undisturbed black spruce such as on site 1, but they are less likely to be valid for fire-regenerated populations.
The high fixation index on site 2 would, at first sight, appear to be contradictory to the observation of a lack of clustering. However, black spruce has a much greater potential for seed distribution compared with other species, especially in a large open area following a fire and if, as is typical, seed is released in winter when there is a snow cover. Therefore, although high levels of inbreeding could result from limited pollen production in small groups of surviving trees, efficient seed dispersal would eliminate clustering and result in the pattern of spatial autocorrelation across distance classes seen in fig. 1 . In contrast, on site 1, seed dispersal would be less efficient in undisturbed, closed-stand conditions, a condition under which local groups of related trees would develop. Under such circumstances an asymptotic value of the fixation index would be approached whereas, with fire regeneration, the fixation index would fluctuate from generation to generation, depending on specific conditions of strobilus production following each fire.
Implications of these result for tree improvement programs include the following. Levels of inbreeding detectable in fire-generated populations are likely to be variable but, because of an absence of family clustering, open-pollinated seed collected from mature individuals will not be significantly inbred, as reported by Boyle and Morgenstern (1986) . The comparison-tree method of plus-tree selection will not be fully effective in undisturbed populations, because the comparison assumes genetic independence (Ledig, 1974) which does not exist, at least locally. Based on these isozyme results, seed from local populations can safely be interchanged for planting on opposite site types. This conclusion remains to be confirmed for non-allozyme, selectively relevant, traits such as root growth and structure.
